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During the past eight years, cyclopropane has wn found to have many advantages as an obstetric 
thetic agent at the Sloane Hospital for Women. 
peed of induction, the quick controlIa1)ility ot 

of anesthesia, and the possibility of ample 
nation at all times has lead to preference for 
gent. In only rare instances cyclopropane has 
unsuccessful in relaxing a very tight uterus, 
was accomplished by iise of chloroform. 

the other hand, Smith ’ suggested a harmful 
of cyclopropane on the infant and Bundesen 

co-workers * noted an infant cleath rate follow- 
se of this gas three times as high as with any 
agent used for obstetric anesthesia. Roven- 
and eo-workers ’ found that deep levels of 

@esthesia induced by cyclopropane in the mother 
Rere accompmied by decreased oxygenation of the 

suggested using the lightest planes of 

f these discrepancies of attitudes we felt 
liged to examine the matter more closely. Region- 

al and general anesthesia were studied clinically 
during variou.; obstetric situations. 

Clinical Data 
Four obstetric situations were chosen for review: 

near-term elective cesarean section, premature vag- 
pal vertex delivery, premature and term breech 
jikliveries, and full-term vaginal vertex delivery. 

Elective Cesarean Section .-Cases of elective 
cesarean section with patients under regional anes- 
besia, unsupplemented before the birth of the 
bfant, were compared with those with patients 
mder general anesthesia, in this case with cyclopro- 
pane. No patients in whom thiopental (Pentothal) 
hduction was used, or to whom a relaxant was 
&given, are included. All .the patients were under- 
/going secondary or tertiary section, or had absolute 
~ p h a l o p e l v ~ c  disproportion. None was in labor, and 
hone had complications such as toxemia or placenta 
previa. All patients from 1952 through 1955 who 

tisfied the above requirements were included. 
ring these four years, there was a change in 

k’ From the Anesthesiology Serviee, the Presbyterian Hospital, Sloane 
spital for Women. Babies Hospital and the departments of anes- 
iology, obstetrics and gynecology, and pediatrics, Columbia Uni- 
ity, College of Physicians and Surgeons. Dr. Prince is a fellow of 

%e Macy Foundation and Dr. Weisbrot is a fellow of the Edan Ros and 
b b l i c  Health Research. 

Read before the Section on Anesthesiology at the 106th Annual Meet- 
fng of the American Medical Association, New York. June 6. 1957. 

General anesthesia was compared with 
regional anesthesia a s  to its effects on 
mother and fetus in 2,856 vaginal deliveries 
at ferm. General anesthesia was used in 
2,019 cases, and in 1,022 of these the 
anesthetic was cyclopropane. Biochemical 
data were obtained from maternal and fetal 
blood. In addition, three methods of evalu- 
ating the condition of the infant at birth 
were employed, including a special score 
based on certain cardiorespiratory and 
neuromuscular observations. The blood of 
most infants delivered of mothers receiving 
cyclopropane contained this gas in demon- 
strable amounts, but there was no obvious 
correlation between its concentration and 
the score noted for the infant. The gas prob- 
ably induced a mild, readily reversible 
centra/ narcosis. There was no biochemical 
evidence that it depressed placentral func- 
tion, but infants born with the mother under 
general anesthesia, specifically cycopropane, 
were more depressed than those born with 
the mother under regional anesthesia. 

anesthetic practice, with the trend to increasing the 
use of spinal anesthesia. Only two patients for whom 
elective sections were done were anesthetized with 
cyclopropane in 1955. We were unable to examine a 
group for whom emergency sections had been done, 
since spinal anesthesia was rarely chosen, either 
because of the need for great haste or because of 
hypovolemia from hemorrhage. 

Premature Vaginal Vertex De1iuery.-Premature 
vaginal vertex deliveries, in this clinic, are acoom- 
panied by the highest neonatal death rate and thus 
were chosen for study. Infants under 1,000 Gm. 
(2 .2  lb.) were omitted because of a death rate of 
95% irrespective of the anesthetic agent or method. 
Infants over 2,OOO Cm. (4.4 lb.) were so similar to 
full-term infants in their postnatal behavior and 
survival that they also were omitted. The weights 
of the 130 infants in the g o u p  chosen for study 
therefore were from 1,000 to 1,999 Gm. 
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Breech DcZil;r?rit~s.-Iii t h i s  clinic X5% of breech 
deliveries occur preinattirely. 'It is of interest that 
90% of the deaths occurring in infants after brtvxh 
delivery arc in this premature group. Cases of 
version ancl brccch extraction iirc omitted from these 
figures because of the n e d  of drepc,r anesthesia and 
a relaxed uterris. 

T ~ B L E  I.--Dirtribrition of Generrzl Anesthetic Agents in 
Term Vagirinl Vrrtex Deliveries 

Viirinitl  T P I ~ ? X  
l)rliv+srir* ,- /. ... .~ 

. $ u e ~ t h ~ t i f  A & w i l  A n .  1 ;  

N i t r m s  oxide ............................................ !ilti 1:*.R 
('yrlnpropanc ............................................ I,(?% 3) 7 
Ethylww .................................................. il :: 7 
Trii.hli)roethylene ........................................ 11 0 5 

................ . . . . . . . . . .  1; Il!i 

.................................... !.Ol!l I i X L  

................ _ . , .  in  0.; 

-~ ____ 

As ,in aid to ev'iluating the condition of 'in 
in the fir\t few minuter 'ifter birth, scoring 
w,~s c t e v n d  and first u ~ c d  in 1952 (table 9). 
experience with over 16,W scores, bared on 
lation with niortdity, 'i division war made be 
those infants receiving worm of 0 to 4 m d  th 
S to 10 Thow with the lonw \core\ are consi 
to he potentiallv sich infmtr, while thow with 
of S or higher halve A distinctly better pro 
Eyarnination of ttiri clcxnth rates at e x h  score s 

(1rop from 3 0% cte,ith r'itr 'it '1 wore of 4 to 
at \core 5 (fig 1 ) It  is trnc th'it thcre is ano& 
abilipt drop lwtwim score 6 m d  7 ,  so that t& 
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mginal vertex deliveries for comparison of regional 
a d  general anesthetic methods. No significant effect 
of anesthetic technique was observed in relation to 

ELECTIVE PREMATURE FULL TERM 
CAESARIAN VAGINAL BREECH VAGINAL 

SECTION VERTEX VERTEX 

p * <  ,001 pz Z 30.0 p=>zo.o p=<.ooi 
% 

ad REGtONlL 
I GENERllL 

5 eo 

L ~::1 166 67 78 52 
~ 

IO 

a37 2017 

Fig. 2.-Regional versus general anesthesia, scores 0-4. 

breech deliveries (table 5 and fig. 3 and 4) .  How- 
ever, the incidence of delayed onset of sustained 
mpiration following full-term vaginal vertex de- 

TABLE 4.-Comparison of Scoi 

after absorption of carbon dioxide and oxygen 
(method as applied to Kopp-Natelson microgasom- 
eter to be published “ f .  Factors for conversion of 
manometric pressure differences to volume per cent 
of cyclopropane were calculated for the micromano- 
metric method using the equation of Van Slyke and 
Neill.’ Thc factors for solubility and rate of reab- 
sorption were from Orcutt and Waters.’ 

Because this method does not allow for distinc- 
tion between the contributions of nitrogen and 
cyclopropane to the pressure of the residual gas, 
experiments were performed on mothers who were 
breathing air. Fifteen blood specimens of five 
mothers and their infants were analyzed for residual 
nitrogen. The average nitrogen content of the speci- 
mens of maternal and iimbilical cord blood of these 
patients was 1.2 vol. % (table 7), which is in agree- 
ment with Van Slyke and N e i l 7  

Because of the i n t e ~ i t t e n t  need for pain relief 
and because of the indeterminate duration of the 
second stage of labor, the degree of nitrogen “wash- 
out” from the blood and the amount of cyclopropane 
administered was variable. A study of the rate of 

pes with Tvve of Anesthesia 

Premature Vagina1 Vaginal Vertex 
Elective Cesarean Sections* Vertex Delirerier Breech Deliveries Full-term Deliveriesf 
- P 7 - - - - - - - F - - -  

Score of Score of Score of Score of 
score of 0-4 5-10 Score of 0-4 5-10 Score of 0-4 5-10 Score o I 0-4 5-10 

Scores ~-A-w-A-,Total~,---A-,Total~r-A---,Total ,-*y,----h7Tot ai 
Type of Anesthesia So. % h’o. % No. No. % So. Yo So. No. % So.  Yo So.  So. % No. % No. 

Regional ............................. I n.6 165 99.4 166 24 30.8 54 69.2 78 26 26.5 73 71.5 98 43 5.1 794 91.9 837 
General ............................... 28 41.8 39 58.2 67 11 21.2 41 78.8 62 88 31.0 1% 69.0 294 210 in.* 1,m 89.6 2,019 

............................... 2,603 2,856 Total 29 2& 233 35 95 130 113 269 382 253 

* Expected distribution of scores haSed o n  previous experience in 1,319 elective cesarean sections: 0-4, A2%, X %  = (m; p = <n.ooi. 

t Expected distribution of scores on  the above 2,R;iG cases using null hypothesis: :,h 
18% ::go: x *  = 3i .9 :  p = <n.ool. 

liveries under general anesthesia was approximately 
three times greater than under regional (p<O.OOl). 
A detailed analysis of the TSRs of all full-temi 
vaginal vertex deliveries is presented in table 6. An 
arbitrary division was made at 150 seconds, and 
respiration was considered delayed after this time. 
~ ~ s p i r a t i o n  was not well established before two- 
ad-a-half minutes in 7% of this group. Of this 7% 
more than three out of four had received general 
anesthesia. 

Biochemical Data 
The transfer of cyclopropane across the placenta 

W a s  studied by ma no met^^ analysis of simulta- 
neously drawn samples of maternal and umbilical 
cord blood for content of cyclopropane at the time 
Of delivery. Twenty-five mothers who received only 
cyclopropane and oxygen for anesthesia during the 
second stage of labor were studied. 

Blood gas analyses were performed on the Kopp- 
Hatelson microgasometer with use of a modi~cation 
Of the method of Holaday and Vero~ky .~  Cyclopro- 
pane and dissolved nitrogen were estimated by 
measurement of the pressure of the residual gas left 

8 

SECONDS 0-29 30-59 60-89 90-119 120-149 150-179 180-299 300t 

TOTAL NO. 981 533 227 ti6 155 i8 95 39 

Fig. 3.-Time of sustained respiration in seconds in full- 
temi vaginal vertex presentations. 

nitrogen washout from maternal and fetal blood 
in a group of six mothers breathing 100% oxygen in 
a nonrebreathing system for periods of 5 to 60 
minutes indicated that the nitrogen content of 
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rnaternd bloocl \viis lowered rapidly during i~reath- 
ing of ;itmosphercs low in n i t r een  (table 8 and fig. 
5 ) .  Thc nitrogcn content of the fetal hlood fcll slow- 
ly and was not s i ~ x i i ~ c ~ n t l y  nltercd in 10 ininrites of 
mnterniil washout. In view of the f x t  that cyclopro- 
pine ~ 7 3 s  usually adntiiiistcred interrnittently, with 
air breathing soiTwtirnes a l l o ~ ~ c d  l)et\vccn pains, ;ind 
sincc the av t~agc .  cliiration o f  c:)~c.lopropmc adminis- 

TABLE 5.-Titric t o  Sustuined liespirtition, in  Seconds" 

5 0 ,  

6 -  :'3 i l - ' . u  h u - R 9  90-119 !eo-149 150:!79 180-299 3 0 0 C  

from thn isolated segnicnt of cord imr 
thereafter. In other instances :I sample of 
venous or arterinl blood was withclrawn ivh 
taneously rimbilical vein hlootl w;is withtlrawn 
the cord still in situ. Adtlitional samples fr 
fants tlelivcretl with thc mother tinder r 
iincsthesia w c r c  collected i i n d  thc,ir oxygen 
tions w t w  coinp:irt~l to tIic cyclopropane groud 

@=Meon Contro) -. 

0 = In f o n t  
0 *= Moternof 

$ 1 5  
0 0 
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were analyzed using the double scale cuvette oxi- 
meter or the Beckman spectrophotometer.'" All 
three methods were standardized against the Van 
Slyke. The results of analyses for oxygen and car- 
bon dioxide, pH, hematocrit, and buffer-base will be 
reported elsewhere,'' 

TABLE 7.-Auerage Re~dua l  Nitrogen Content of Fifteen 
Blood Santples from Floe Mothers and Their Infants 

'Maternal Artery Muternill Vein Umbilical Vein Umbilical Artery 
0 9  1..  ... ... 
1.4 0.5 1.7 1.3 
1 .0 0.9 0.8 0.8 
0.4 ... 1.8 1.4 ... 1.4 1.6 1.7 

Nitrogen Blood Level, Vo1. yo 
_c I___ , 

n = 16 
menn = 1.2 vol. W ,  S.D. = 2 0.45 vol. %. 

In the experimental group no specific plan of ran- 
dom selection was adopted. Cases were chosen in 
relation to the availability of the laboratory facilities. 
However, there were no cases of fetal distress in this 
group. 

Results 
The blood of most infants delivered of mothers 

receiving cyclopropane contained this gas in demon- 

score be compared in the regional and cyclopropane 
groups, the latter appears more depressed for a 
given level of oxygen saturation (fig. 7). 

Comment 
The clinical study indicates that infants delivered 

with the mother under general anesthesia are more 
depressed than those delivered with the mother 
under regional anesthesia, although the mortality in 
the two groups is not different. In addition the 
IO 
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Fig. 7.-Comparison of umbilical vein oxygen saturation 
and scores. 

strable amoun& (;able 9). The amount of cyclopro- 
pane in umbilical cord blood was usually less than, 
but proportionate to, the amount in maternal ex- 
tremity vein The few 

maternal tissues were not in equilibrium with the 
concentration of CYCloProPane in the blood at the 
time of S a m P h 5  The matefnal-fetal gradient was 
probably greater than shown by the comparison of 
maternal vein blood and umbilical vein blood. 

average depression of infants receiving cyclopro- 
pane is significantly greater than is seen when 
regional or other methods of inhalation anesthesia 
are used (table 10). If these findings are not due to 

determined whether the gas is exerting a direct 
narcotic action on the fetus Or is depressing the in- 
fant by interfering with placental or maternal res- 
piration, 

Obtained during h i s  study suggest that the an inadvertent selection of cases, it remains to be 

10 X 

x x  X 

x x  x rx :i 7 x x  

w "F 
*.l 

I t  x x  x 

X 

X 

X 

x x x  

x 
X 

CYCLOPROPANE(VOL:/.) UMB.VEIN 

Fig. &-Relation of scores to concentration of cyclopropane 
in umbilical vein. 

There was no obvious correlation between the 
~ncentrat ion of cyclopropane in the umbilical cord 
blood and the scores of the infants (fig. 6). Further, 
no obvious correlation was found between birth oxy- 
genation and score. However, if oxygenation and 

TABLE 8. -Nitrogen Washout from Muternal and Umbilical 
Cord Blood in Six Mothers, with 100% Oxygen, 

Nonrebreathing Technique 
Nitrogen Blood Level, Vol. % 

' Maternal Umbilical Umbilical 
Time of Oxygen Administration. Min. Vein Vein Artery 
5 ...................................... 0.0 ... f.. 

32 ...................................... 4 . 3  ... ... 
30 ...................................... 0.7 0.8 0.4 
E 0.3 1.4 ... 
n ......................................... 1.1 1.8 
40*. ................................... 0.1 ... ... 
60 ..................................... 4 . 4  ... 0.0 

...................................... 

_ _ _ _ _  
* Dnta for snme patient as line 4. 

The oxygen saturations (table 11) and carbon 
dioxide tensions I '  of umbilical vein blood in both 
regional and cyclopropane groups were not signifi- 
cantly different. The pH in the cyclopropane group 
was 0.07 units higher." These findings argue against 
the gas interfering with placental function and favor 
a direct action on the fetus. 

In agreement with Rovenstine's study,3 no corre- 
lation between the condition of the infant at birth 
and the blood level of cyclopropane was demon- 
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strated. This suggests that some {actor other than 
the anesthetic agent is depressing the infant. How- 
ever, the blood levels are only of value as an in- 
dication of the depth of anesthesia when equilibrium 
between the blood and tissues has been reached. 

TABLE g.-Cycbpropane Levels in Maternal and Fetal Blood 

Type of Delivery 
Vaginal Vertex 
Vaginal Vertex 

Vaginal Vertex 
l 'eaarean Section 

Vnpinul Vertex 
Vaginal Vertex 

('esurean Section 

Vaginal Vertex 

\-aRianI Vertex 
Vaginal Vertex 

Vaginal r e r t e s  
VaKinal Vertcs 

Vaginnl Vertex 
\ -?Kind Vertex 

Vaainiil i-erttls 
I 'twn rc H 11 Sei. t ion 
V n ~ i n a l  Tertrx 
Vxqina l  Vertex 
I ' ewre i~n  Stv t i u n  
V.  m i n a l  ' Vertex 
l-;iKinal Vertex 
I'txsiirean Section 

l-:iginal Vertex 
( ' ~ s n r ~ a n  Srrtiiin 
( b a r e a n  Swtinn 

Time 
Uyclo., 
?din." 
13 
14 
7 .j 

k.5 
10.0 
10.5 
18.0 
6.5 
7.5 
7.0 

13.25 
2.0 
4 .0 
1.: 
.i.O 
5 .5  

1X.i 
!)..i 

10.0 

7.0 
ll),l) 

8.,, 

i n  I) 

:i.o 
17.0 

3.0 
1 ..> 
(i 0 

10.0 
l i . 0  

f i  

Xat. Mat .  
Artery, Vein, 
Vol. 70t VOl. Yo1 

1.9 
1.6 

4.1 
6.2 

2.6 
2.6 

3.7 
?.2 

1.5 

1.0 
1.4  
2.8 

3.3 

1 .e 
3 1  

X..5 
3.0 
1 .I 
1 4  

5.0s 

20 

3.1 
?I .9 

Umbil- Umbil. 

Vein, Artery. 
Vol. Yo Vol. Yo Score 

iCHI i C H l  

0.6 

0.6 
2.3 

3.4 
1.6 

0.9 
0.3 

1.2 
1.5 
0.4 

1.1 

1.8 
1.3 
0.R 

2 . 3  
0.9 
4.0 
4.1 

-0.1 0.8 
0.9 

i.:i 0.5 
11.9 0.5 

?'? 

1 .R 
f l  .n 

8 

7 
5 

3 
8 

8 
1 

2 
8 
8 

9 

2 

7 

9 
1 

7 

1 
9 

in 

0 

1 

4 
3 
8 

21 

5.6 
2 3 . 3  

' 'Viuie eyr l i i .  = tiriir in tiiiiiiites frolit flr.st inh;ll;itiori of ryelopro- 

t Mat. Art .  = hruchial o r  radial ar tery.  
t Mat. Vein = antecutiitiil vein. 
S Uterine w i n  wuiple.  

i i i i r i ~  t o  niott lmt CJ! ~ ~ ~ i i r ~ i l i u ~ .  

Since equilibrium was not reached in this s t d y  due 
to the brief or intermittent periods of administra- 
tion, little can be inferrcd from this lack of cor- 
relation. 

The immediately apparent explanation for the 
lirect action of cyclopropane on the infants is a 
iniltl and readily rcversible central niircosis. How- 

especially in the presence of high tensions 
)f carbon dioxide,'" is well known. Since in emer- 

I , >  \ t  r, the toxic action of this agent on cardiac 

gency obstetric situations with fetal distress fie 
fant will be both anoxic and hypercarbic, 
possibility of some interference with cardiac fundoa 
should be considered. 

Conclusions 
In both clinical and biochemical studies hfaa 

born with the mother under general anesthesia, a 
specifically cyclopropane, were more depressed & 
those born with the mother under regional a n a  
thesia. Cyclopropane is transferred rapidly to & 
fetus, but as used clinically in this study equilibrium 
with the mother was not reached. There was no bi+ 

TABLE 11.-Scores and Umbilical 

Type of 
. h e s  thesia 

antl Type o f  Av. 
Delivery Score No. 

( 'yelopropane, 

Regional, 

( 'yclopropane, 

Rtxionnl, 

vaginal ........... 5.9 2.2 

var ina l  ........... 8 11 

section ............ 3.4 I, 

w t i o n  ............ i.f; 2f j  

Cord Oxygenatton 
Umbil- Yskr. 

icnl nal 
Artery, Artery, 
% S a t -  %Sat.  
orution No. urutlon NO 

5 4 97 6 

21 13 97 4 

2 3 5 W 6  

10 23 97 u 

chemical evidence that cyclopropane depressed 
placental function. This suggests that the gas exerted 
a direct narcotic action on the fetus, despite the 
absence of correlation betwecn the blood concentra- 
tion of the gas and the condition of the infant at 
birth. Toxic action of cyclopropane in relation to 
the low oxygen and high carbon dioxide levels nor- 
mally present at birth is possible. 

622 W. 168th St. (32)  (Dr. Apgar). 

This investigation was supported by a research grant from 
the National Institutes of Health, Public Health Service. 
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